Abstract | Supplementation of the herbal oils in poultry nutrition is considered an alternative and complementary approach to the conventional control viral strategies in poultry industry. Their use is associated with remarkable improvement in both bird performance and immunity. In the current study, one hundred twenty broiler chickens were allocated into four equal groups. Three groups (group B, C and D) were vaccinated with inactivated avian influenza and live LaSota vaccine and one group (group A) was left as a control non vaccinated group. Two groups, C and D, were orally treated with 0.005 and 0.01% Oregano essential oil (OEO) respectively. Oral supplementation with a higher dose exerts improvement in the bird performance parameters in the early period of bird life and up to 21 days of age. Positive regulation of both NDV and AIV-HI specific antibody titers was existed when the birds were supplemented with the oil together with both NDV and AI vaccination, especially in case of the higher dose. Study of the effect of the OEO on chicken interferon-alpha signalling pathway components post NDV vaccination using quantitative real-time PCR (qRT-PCR) revealed no obvious positive immunomodulatory effect on Myxovirus resistance 1 (Mx1) transcripts level except at 29 days of age. On the other hand, a dose dependent up-regulation in both IFN regulatory factor 7 (IRF-7) and interferon-alpha RNA levels was observed. Both doses of OEO could protect the birds from nervous manifestation resulting from challenge with vvNDV. In conclusion, oral supplementation with OEO has beneficial effects on bird performance as well as humoral and innate immune responses.
INTRODUCTION
N ewcastle disease (ND) and avian influenza (AI) are considered the most serious diseases affecting poultry flocks worldwide. The both viruses are major concerns of bird husbandry causing severe economic losses to the poultry industry. These can be controlled by vaccinal strategies of birds at risk (Veits et al., 2006; Capua and Alexander, 2009 ). This successful intervention control strategy can be achieved by application of both live and inactivated virus vaccines (Gallili and Ben-Nathan, 1998; Swayne and King, 2003) . Despite the wide use of the commercially available vaccines, in some cases, they are less effective for many reasons such as for immature or elderly individuals, environmental stress and immunosuppression (Beard and Mitchell, 1987; Saif, 1998; Maeda et al., 2004; Skowronski et al., 2008) . Therefore, there is a necessity to improve the current immunization strategy applied with the both currently available ND and AI vaccines in order to enhance the host protection against virus infection. This improvement can be achieved by application of alternative and complementary approaches such as the usage of some Natural products have been used for their economical and medicinal values, including solving of many emerging health issues (Abdel-Daim et al., 2013; Abdel-Daim et al., 2014) . There are growing evidences that medicinal herbs and their ingredients can enhance the immune responses to vaccination against infectious diseases (Liu and Xiao, 1992; Rajput et al., 2007) . Co-administration of herbal extracts with vaccine showed an increase in antibody response as well as enhancement in the proliferative response of T cells (Hu et al., 2003; Sun et al., 2007) . Furthermore, they can promote the effective use of feed nutrients which may subsequently result in rapid body weight gain (BWG), high production rates and improved feed efficiency (Ghazalah and Ali, 2008) .
Large amounts of active constituents can also be found in essential oils of the medicinal plant. Essential oil of Origanum heracleoticum L (Syn.O. vulgare L) plant characterized by a high phenolic content (69.55% Carvacrol and 4.09% thymol) and two monoterpene hydrocarbons, γ-terpinene and cymol (3.05 and 10.57% of the total oil, respectively) (Mathlouth et al., 2012) . Interestingly, oregano essential oil (OEO) can exert an anticoccidial effect against Eimeria tenella (Giannenas et al., 2003) , growth promoting effects, antioxidant activity, displayed potent antibacterial effects against cecal E. coli in broilers and improve broiler immune response (Roofchaee et al., 2011) . Feed supplementation with thymol and carvacrol enhanced performance, increased antioxidant enzyme activities, retarded lipid oxidation, enhanced the activities of digestive enzymes, and improved immune response of broilers (Hashemipour et al., 2013) .
Chickens exhibit a robust induction of type I interferons (IFNs) in response to infection by a variety viruses, such as NDV or AIV (Staeheli et al., 2001) . Type I IFNs, α and β, serve as the primary trigger of a host's innate immune response against viral infection by stimulating a signaling pathway that includes more than 300 IFN-stimulated genes (ISGs) in mammals (Der et al., 1998) such as Myxovirus resistance 1 (Mx1), IFN-stimulated gene 15 (ISG15), IFN-stimulated gene 12 (ISG12) and 2′-5′-oligoadenylate synthetase (2′-5′OAS) and IRF-7 (Haller et al., 2007) .
This study was planned to throw the light on the effect of commercially prepared OEO (Ropadiar®) on the growth performance, humoral immune responses to ND and AI vaccines in broiler chicken. Furthermore, the expression of chicken interferon-alpha signaling pathway involved genes (Mx1, IRF7 and IFN-alpha) in the spleen of experimental birds was analyzed using quantitative RT-PCR.
MATERIALS AND METHODS

bIrdS And dIet
This study was carried out using 120 one-day-old Cobb chicks obtained from El-Shorouk Poultry Company. Birds were reared in a naturally ventilated open house with saw dust as litter and at a density 10 birds/m 2 . Continuous lighting was provided throughout the experiment. The starting temperature was 33°C then decreased gradually 2°C each week until reach 21°C at the 6 th week. Birds were fed on antibiotic free experimental diet, (Starter, grower and finisher) (Table 1 ) which formulated to meet the nutrient requirements set by the National Research Council (1994) and water supplied ad libitum. 
experImentAl deSIGn
On arrival the chickens were weighed and randomly allocated into four equal groups; A, B, C and D. Each containing three replicates (10 chicks\each th day of the experiment. Total feed consumption and feed conversion ratio (feed intake: weight gain) were determined on the 45 th days of the experiment. Ten birds from each group were separated for the challenge experiment.
chAllenGe wIth VelOGenIc VIScerOtrOpIc newcAStle dISeASe VIruS (VVndV)
Ten birds from each group were challenged with vvNDV (Sheble and Reda, 1976) at 37 th day of age. The birds were challenged with 10 6 EID50/IM/ bird and monitored for ten days post challenge to record the clinical signs and mortality rate.
hemAGGlutInAtIOn InhIbItIOn (hI) teSt
The micro-HI test was carried out using 8 HA units of the LaSota vaccine strain of NDV and 4 HA units of the AI (H5 subtype) hemagglutination inhibition test antigen (EGY/PR8-1 strain, HVRI) as well as 1% chicken red blood cells. Serum samples were initially diluted into either 1/2 or 1/5 for AI or NDV, respectively, and a duplicate of twofold dilution series of each tested serum were prepared. Ab titers were expressed as log values of the highest reciprocal of the dilution which showed hemagglutination inhibition. All tested serum sample were pretreated at 56°C for 30 min to inactivate the non-specific agglutinin.
rnA ISOlAtIOn And cdnA prepArAtIOn Total RNA was extracted from 30 mg of spleen tissue using (RNA-spin TM cell and tissue RNA purification kit) (iNtRON) according to the manufacturer's protocol. The isolated RNA was transcribed into cDNA using Maxime RT PreMix kit (iNtRON) according to the manufacturer's instructions.
QuAntItAtIVe reAl-tIme pcr
All amplifications were performed on a Rotor-Gene Q instrument (Qiagen, Germany). Relative gene expression levels of Mx1, IFNα and IRF7 were quantified using β-actin as endogenous controls and normalized to the untreated control sample as a fold change and RealMOD™ Real-time PCR Master Mix Kit (2X). The amplification was performed using The quantitative PCR for Mx1, IFNα, IRF7 and β-actin were performed using the specific forward and reverse primers indicated in Table 2 . Before applying the reaction, a standard curve assay and a dissociation curve assay were performed to determine the amplification efficiency of the used primers and to investigate if there was any non-specific amplification, respectively. 
StAtIStIcAl AnAlySIS
The logarithm2 mean titer (log2) B (vaccinated, nontreated) , while group C and D were vaccinated and orally treated with 0.005 and 0.01% OEO, respectively. The drug was used intermittently for 3 days (at age of 5-7, 15-17, 25-27 and 36-39 days). Feed was weighed back on 8, 15, 22, 29, 36 and 45th day of the experiment. Total feed consumption and total feed conversion ratio (feed intake: weight gain) were determined at 45 th day of the experiment.
performance parameters were compared between groups via one way ANOVA test. The cytokine data were analyzed using Welch's t -test.
RESULTS
effectS Of OeO On chIcken GrOwth perfOrmAnce
A significant improvement on a bird's body weight was displayed by OEO treatment at 8, 15 and 22 days of age (Starter period) (Table 3) . On the other hand, no growth trait was observed at 29, 36 and 45 days of age. At the 1 st and 2 nd week of age, the lower and higher dose treated birds had the highest and statistically significant weight gain (P ≤0.05) compared with the control birds. Moreover, at the slaughter time the higher dose of OEO induced the highest and statistically significant weight gain (P ≤0.05) compared with the control birds (Table 4) . However, all the differently treated groups exerted nearly the same total feed intake, total BWG and total feed conversion ratio (Table 5) .
effectS Of OeO On hI AntIbOdy reSpOnSeS pOSt ndV VAccInAtIOn
As shown in Figure 1 , the OEO treated groups (C and D) had the highest statistically significant (P ≤0.05) NDV HI-Ab titers compared with the control group at 7, 14, 21 and 28 days post NDV vaccination. The increase in NDV HI-Ab titer was statistically significant (P ≤0.05) at 28 One hundred twenty birds were allocated into 4 groups. Chickens of group A were kept non-vaccinated non-treated and chickens of group B, C and D were vaccinated with inactivated AI vaccine (0.5 ml s/c at middle part of the neck) at 9 th day of age. Chickens of groups C and D were vaccinated and orally treated with 0.005 and 0.01% OEO, respectively. The drug was used intermittently for 3 days (at age of 5-7, 15-17, 25-27 and 36-39 th day of age. Chickens of groups C and D were vaccinated and orally treated with 0.005 and 0.01% OEO, respectively. The drug was used intermittently for 3 days (at age of 5-7, 15-17, 25-27 and 36-39 In order to evaluate the protective efficacy of the OEO in combination with NDV vaccination, ten birds from each group were infected with 10 6 EID50 of vvNDV at 37 th day of age.
Ten days post challenge with vvNDV, with or without supplementation of OEO, all the Newcastle disease vaccinated birds with both live and inactivated vaccines had 100% protection rate against challenge with the very virulent strain compared with the non vaccinated birds which had 100% mortality rate. However, only one bird from group B (vaccinated only) showed nervous manifestation in the 9th day post challenge.
DISCUSSION
Viral infection represents a major threat to poultry industry; hence many potential hazards can enhance the risk of it. One of those hazards is immunosuppression problem which can be arising from many reasons such as immunosuppressive infectious diseases, mycotoxin and excessive use of certain antibiotics. Therefore, the use of the naturally existed immunostimulants such as herbal essential oils may have a positive impact to reduce such problem and modulate the bird immune responses. This positive impact and immunomodulation effect of the herbal essential oils could be attributed to their antioxidant, antimicrobial and antiviral properties (El-Sheikh and Galal 2015; Abdel-Daim et al., 2015; Sokmen et al., 2004) .
In the present study, the effects of oral supplementation of commercially prepared OEO (60.2%carvacrol+ 4% thymol) on the bird immune system and body performance were studied. Two different doses were tested and compared together with the non-treated birds. Oral supplementation with the two different doses of OEO resulted in a significant improvement of the bird's body weight at 8 and 15 days of age as well as higher and statistically significant weight gain (P ≤0.05) compared with control treated birds. The mechanism of phytobiotic essential oils for improving the productivity performance of broilers might be caused by improvements in feed utilization (Mocar et al., 2010) , which promote better sedimentation of muscle proteins (Zheng et al., 2009) , stimulation of appetite, digestive and absorption enzymes (Christaki et al., 2011) or the stimulating effect on Lactobacillus proliferation (Roofchaee et al., 2011) . The results of the current study were strengthened by those of Hashemipour et al. (2013) who reported that, the dietary inclusion of thymol + carvacrol increases the body weight gain and feed efficiency.
In accordance to previous study which stated that thymol+carvacrol increased BWG from 1 to 42 days of age but decreased digesta viscosity (Hashemipour et al., 2014) . Therefore, in addition to their antimicrobial activity (Wenk, 2000) thymol and carvacrol can significantly improve bird performance via their down regulatory effect on digesta viscosity (Hashemipour et al., 2014) .
The results reported for total feed intake and total body weight gain in this study are in accordance with those of Roofchaee et al. (2011) who found that dietary supplementation of OEO to the broilers had no effect on total feed intake and total body weight gain.
The current study revealed that the highest NDV and AI, HI-Ab responses were elicited when the birds were orally supplemented with OEO in the drinking water, especially in case of the higher dose 2ml/20 liter drinking water. These results may be attributed to the potent antioxidant properties of thymol & carvarcol combination that elevate the chicks' immune responses (Gabor et al., 2010; Feizi and Nazeri, 2011) . Our results were strengthened by those of Hashemipour et al. (2013) blood cell titers. Another study was performed to study the effect of Zataria multiflora essential oil (thymol and carvarcol combination) on NDV-HI specific Ab of broiler chickens (Mosleh et al., 2013) . The authors of the later study concluded that Zataria multiflora essential oil induced a dose-dependent increase in NDV-HI specific Ab titers in an extent higher than levamisole, another potent immunostimulat.
Chicken cytokines, such as chicken interferon-alpha, are important compounds which are believed to play a role in the control of avian viral infection (Abdelwhab and Hafez, 2001) . Currently, oral administration of chicken interferon alpha either alone or expressed in a vector considered as an alternative approach to control important avian viral infection such as NDV and Highly pathogenic influenza viruses (HPAIV) (Rahman et al., 2012) . The interferon alpha mediated antiviral effect exerts from its downstream activation of interferon-alpha signaling pathway which leads to production of several interferon stimulated genes, such as IRF7, and virus restriction factors, such as Mx1. Therefore, in the present study, three gene were selected to be evaluated; chicken interferon alpha, chicken interferon regulatory factor 7 and Mx1 in respect to NDV vaccination and natural immunomodulator (OEO).
In the present study, the vaccination with NDV and treatment with OEO, induced a dose dependent up-regulation of IRF7 transcripts at 3 and up to 29 days post NDV vaccination. Additionally, chicken interferon-alpha transcripts of the same birds were detected as early as 1 st day post vaccination, but did not last up to 29 th day post NDV vaccination, especially in the higher dose treated birds (Gp D).
Despite of the early detection of the Mx1 transcripts in the differently treated groups, there was no significant up-regulation in the Mx1 level post NDV vaccination alone in all the measurable time points compared with the non-vaccinated birds. In a previous study, there was no detection of Mx1 transcripts in the spleen of live NDV vaccinated chickens (Hassanin et al., 2014) . The latter could be explained by the differences in the vaccination schedule between the two studies.
Only, at 29 days post vaccination, the higher dose treated group (GpD) exerted a higher level of Mx1 transcripts which was nearly about two fold up-regulation compared with the control vaccinated group which may be attributed to the effect of both inactivated AI vaccine and oregano essential oil treatment.
In this study, we have used a combination of live and inactivated NDV vaccine in order to imitate the field condition in the Egyptian poultry farms. Challenged vaccinated birds, either supplemented with OEO or not, had 100% survival rate compared with the non-vaccinated birds which had 100% mortality rate. On the other hand, supplementation of OEO could protect the bird from the appearance of clinical signs probably due to its immunomodulatory impact on releasing avian cytokines.
In conclusion, OEO has a positive regulatory effect on both bird performance and immune responses. The oral supplementation of 0.01% OEO has a positive impact on immune responses against vaccination with both AI and NDV vaccine. It can exert stimulation for the interferon-alpha signalling pathway components in the chicken spleen which considered as antiviral agents.
